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ABSTRAC?

The spectrum of Sc III has been obser§ed by using a vacuum sliding
spark at 250 amp' peak current. Excellent separatién of the Sc I, IT, and III
spectra was achieved through careful control over the excitationvcircuit
parameters. 1In all, 93 lines in the region 550 to QhOQ A are listed which
give rise to 24 new levels. The ionization energy of Sc III is revised to
199677.37+0.1 cm-l and series formulae are presented which were used to predict
some of the newly found levels to within 0.25 cm_l.r Ap isoelectronic com-

parison of Sc III with KI and Ca II is made.
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INTRODUCTION
2+ . ) 12 . . . N 2
The Sc ion has a ground state [Ar] 3d73 D3/2 and is isoelectronic
with KI. The analysis of the lower levels by Gibbs and»White,l as revised by .
3

Smith,2 and the prediction of seven new levels by Russell and Lang RL) has

been confirmed‘and extended. Several lines observed by others have -also been
confirmed.h’S

It appeared worth renewing investigatibné of Sc III since there have
been developments of ways in which to excite the spectra'of lower ionization-
stages of atoms. The.vacuum sliding spark, used in thiS'ihvestigation, operates
at low voltage compéred with the vacuum spérk and affords one some degree of .
.control over which stage of ionization is beiﬁg excited. Other considerations

are the availability of high purity scandium metal rod and high dispersion

spectrographic equipment.
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EXPERIMENTAL DETAILS

To exgite and separate the spectra of Sc I, Ii, and III, a vacuum
sliding spark was used similar to the one in use at the‘National Bureau of
Standards and the Johns Hopkins University.6-9 -It-coﬁsists essentially of two
%” diameter by 1" cylindrical electrodes of 99.7% pure Sc metal, separated %”
by a hollow (%"-inside diaméter) quartz spacer through ﬁhich-the spark passes.
THe elegtrodes are water coqled and the source is operated under a vacuum of
about 5 X 10_6 mﬁ of Hg. The LCR electrical circuit is shown in Fig. 1.
Separation of the spectra was achieved by varying the circuit parameters L
and R which varied the peak current from 10 amp (L' and ﬁ maximum, Sc T
predominates) to 500 amp (L and R minimum, Sc III pfédominates). Lines
belonging to a given stage of.ioniiation were identifiedrby Qbserving their
common intenéity behaviour.with current.

In order to reproduce any>setting rathef closely, the voltage and
current were monitored és shown in Fig. lf Typical oécillogfaphs of the
voltage and current Xé: time for:two widely separated settings are presented
in Fig. 2. At intérmediaté values éf L and R best variation between two

consecutive stages of ionization was obtained when the circuit was operated at:

critical dampiné, R = 2(%01/2, as indicated on the oscilloscope by a shérp
corner at the end of the voltage and current pulses. This control over the
circuit was better achieved with the ignitron as a triégér than with the
rotating spark gap.

Several different spectrographs were employed to Qbserve the spectra
from 500 A to 9500 A, a 1list of which is presented in iable I along with their

figures of merit. Calibration spectra below 2680 A were obtained from a water-
N . 10-12 '

cooled copper hollow cathode with Ge and Si in the cathode, and above

2680 A from a ThI electrodeless :Lam.p.l?’"15
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OBSERVATIONS AND DATA REDUCTION

The spectra were first surveyed at 20 A/mm in air which confirmed the
strong Sc¢ III lines predicted by Russell and Lang.3 More cafeful separation
of the spectra was then obtained at 5 A/mm in air and 2.78 A/mm in vacuum. The
peak current of 250 amperes, at which the final spectrum was taken, was
selected as the minimum excitation where a gdod number of Sc III lines were
present at reasonable exposure times. vThe Sc IIT spectrum was then photo-
graphed, at a peak current of 250 amperes, from 550 to 2675 A on the 10.7 m VUV
normal-incidence spectrograph at the NBS in Washington; from é680 to 7906 A
on the m\ = 225900 A grating which obtained the strongef lines (intensity = 9)
in this region; and from 2400 to 9500 A on the 5 A/mm gfating in order to
obtain the remaining weaker lines (at exposures up to l%-hrs). Most of the
lower wavelength vacuum lines were photpgraphed in the first, second, and
third order on the NBS specﬁrograph. Some of the lines taken on the 5 A/mmv
grating were also obtained in multiorders. The weak 9371 A line could only
be obtained on the 20 A/mm grating;

The lines were in general broad. . To avoid possible shifts in the lines
due to changing source conditions, much care was taken when photographing the
final spectrum to reproduce the same source conditions especially concerniné
the current and voltage as monitored on.the Qscilloséope as well as starting
with flat electrodes each time a plate was taken. For the 250 amp peak
current the circuit parameters were Vo = 800 volts, L =‘l33 ph, C = 24 uf,

R = 4.5 Q, giving a current-pulse full width af half maximum of 130 usec. The
- source was fired every 65 msec. |
Plate measurements were made on & 25 cm Grant comparator and 25-40

calibration lines used on every 25 cm plate. When fitted with a sixth-order



A

-5- ' ’ LBL-1217

polynomial fhe’deviation of the calibration lines from their interferometric
values was not éreater than *1.5 ﬂ.* (dispefsiéﬁ in A/ﬁm). For some of the
wavelenéths the fourth decimal was ret#iﬁed as these lines were measured on
se?eral platéé‘and all agreed to befter than the third decimal, e.g. the 730
and 731 A lines were each measured six times on different plates with an rms
deviation éf 0.0004 A, The error limit§ in the wavelengths are thus estimated
to be & few units in thé last decimal quoted.

Intensities were estimated visually from the plates on a scale 1-350.
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WAVELENGTHS AND ENERGY LEVELS
- The list of 93 classified lines is presented in Table II. In the
sliding spark spectrum many of the lines were not due to Sc, i.e. oxygen,

silicon, and carbon spectra were also present. As a result the weak line at : S

3/2
resolved at SIA/mm. The line at 1742 A appeared hazy at 2.78 A/mm end has been

LekL2 A>(7p2P - 5d2D5/2) blends with an OIT line and could not be completely
identified as‘the doublet associated with the Tp-l4d transition whose fine
structure separatiops differ by 2.6;cm_l. This ﬁeak lipe‘did not show on the
NBS plates. The line at 47L40.954 was resolfed from the Sc I liné at 4741.030
on the mA = 225900 A.grating.. .

Ihveétigation of the structure of Sc III was stdrted on the basis of
that given by Smith and the sé#en levels predicted‘by.RLf  There was, however,
al3 cm-lvdiscrépancy.in the key combination cycle 3d-hp-hd-hf (see Fig. 3) as
given by Smith and‘ié due to the 1600 A and 2000 A triplets being about 0.06 A
too'large. The cycle now cioses to within a few'hundredths‘of a wavenumber

with the improved wavelengths obtained. Since this disérepancy involved the

key vacuum lines 3d-Lp-4d, the levels given in Moore;s16 Atomic Energy Levels
tables are ail too low by about 2-3 ém-l with the excepﬁion of the 5s which is
1.3 cm-l too high due to ahgther discrepancy in the 1895-1912 A doublet as
reported by RL. - The_2h newlj found levels and the corrected values for the
previously known levels are presentéd in T&ble III. ‘ | |
in Table III is also aisplayed the usual nearéédnstancy of the
difference An* for the two gomponents of a doublet le#elvin a‘Rydberg series, : ;’

which was used to predict the fine structure interval of'thé next level above

the last observed one. In closing the combinatioﬁ cycles, agreement was
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found to within a few units in the second decimal place, i.e. within the
experimental error, indicating that it was possible to maintain sufficient

control over ‘excitation to achieve internal consistency.
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TONIZATION ENERGY AND SERIES FORMULAE
The ionization energy of an atom can be calculated from a ééries which
is assumed to obey a Ritz-like formula and in eséence extrapolating the series
to the iimit n = w.lT The ng series which reaches closest to the limit -
and most nearly obeys the simple two-parameter Ritz formula is assumed to give

the best value for the ionization energy. A calculation based on the four

observed members (5-8) of the ng series in Sc III results in

1Lk 2

2 8 -
Tn.-xl.98§5 X 10 | T

§ =n -n*=29.153908 x 10~

0 - 7.05772vx 10

E, = 199677.37 cm™*

ion

v Z e
where Tn =R (E%) is the nth term in the series.

Similar calculations carried out on the_four highest observed
members of the other series give the ionization energiés_presented in column
three of Table IV. For furthef comparison andvto indicate how nearly thé ng
series obeys the simple Ritz formula, the results using only a) the first
three and b) the last three observed members of this series are also presented.
They agree with tﬁe above value to within 0.08 cm-l. The rather large
difference betweeﬁ the value obtaihed from the nd series énd the vélues derifed
from the ofher series is most likely due to ﬁhe quadrgtic formula for Gn being
inadequate to represent the core effects on the nd series. (The calculation
based on the 3d-6d terms results in 199807 em™ T whereas the Ld-Td gives -

199683 cm T.) Until more levels are found, we adopt

- -1
Eion = 199677i37i0.1 cm .
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With the ionization energy deriyed, it was possible to attempt to
represent unperturbed series by formulae and thus predict the next level in the

series. This was done using an extended Ritz formula for the quantum defect

§ =En-n*=a+5dt + ct 2 + dat 3 + et 4
n n n n n
T ' 2
— 1
tn - n2 = (HI)
RZ
c
where Tn is the nth term, R is the mass-corrected Rydbefg constantT and Zé is
17,18

the net core charge, set to three for Sc III. This procedure aliowed‘the

choice of one more constant than the method used in the foregoing to obtain
three constants and the correction to the trial ionizatidn energy. In the
computer program set up, at least one of the last four constants had to be

set to zero. In Table IV are listed the appropriate constants obtained from
the indicated members of the series using the ionization energy 199677.37 cm™ T,
For the nd series the fit to the experimental data was improved when the
constant d was set to zero instead of e (3d~6d with the constants abcd

predicted the observed 7d2D level 1.k cm_l too high whereas with the abce .

3/2

constants it was 0.25 em™t too high). The listed constants were then used to
predict the next term above the last observed bne using an iterative procedure
on the predicted value of T until |T(I + 1) - ™(I)| < 1073 cm'l, usually

satisfied in one or two steps. In column 9 are given the values of TObS - Tcalc

for the last observed term using all of the lower levels with their respective

60.22
LL.956

JrFor scandium R = (109737.31 - ) cm“1 was used.
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constants. In this manner the weak lines concerning the Tp and 7d levels were
found, and the levels derived from them agreed with the predicted values to
within 0.25 cm-l. Applying the theory of atom-core polarization for "non-

penetrating" orbitst” *20

we obtained from the ng series the value o = 0.3h x lO—Qh cm3 for the .polar-
+ : . '
izability of the ion Sc2 . With this value the 6h-8h terms were predicted to
- =1 _ -1 » - -1
be T, = 27455 cm Ty, = 20170 cm ™™, and Tg. 151‘”?-?‘4 . The lines
involving all the given predicted levels were looked for but not found,

presumably because of their low intensity.

to calculate the departure from hydrogenic term values,
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ISOELECTRONIC SEQUENCE
With the first two spectra of the KI isoelectronic sequence well
analyzed it_wasvpossible fo observe how the Sc III energy levels fit into the
sequence. Figure 4 shows that the 4f and 5g levels of Sc III complete a
smooth curve from KI to Ti IV and V V. The trends, shown for the highest
observed levels in Sc III, show a smooth curve and have now been establlshed

w1th improved accuracy. It is in Sec III that the 7d level first lies below

the 8s level.
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CONCLUSION
This research has confirmed and extended the knqwledge of the doubly
ionized state of Sc. The study of the spectra producéd by‘the vacuum sliding.
‘spark provides gdditional informgtion on spectra separation of lower ionization » s
stages of atoms. Internal consistency was obtained ip the level system
derived fr§m>the spectrum at constant source-conditionsf It would be of

interest to study the line and level variation with vafying source conditions.
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Table I. Spectrographs used to record the spectra of Sc I, II, and III.

Focal length Grooves/mm m\{at blaze) m %i-
(m) | (order x A)  (order x A/mm)
3.4 (Jarrell-Ash) 79 225900 17.5 air
3.8 (" ) 600 - 5000 5.2 "
o.75 (" ) 600 7000 20 "
10.7 ( ") (¥BS) . 1200 1200 0.78 vacuum

3 (McPhers on) - 1200 1380 2.78 "
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Teble II. Lines of Sc ITI |
Level combination ‘Wave number Wavelength Intensity
| (em™) (A) ‘

692P1/2 - 75231/2 10667.45 9371.7h 1
hf2F5/2 - 5d2D3/2 11256.16 8881.585 15
hf2F7/2 - 5d2D5/2 11276.08 8865.891 30

5d2D5/2 - 5f2F7/2 11322.19 88;9.785 50
5d2D3/2 - 5f2F5/2 11342,12 8814276 35
' 5g°G - 6£°F 11715.46 8533.383 2
65°F - 8g2G 12426.97 8ohh.7§9 1
52%F - 662 12705.17 7868.648 70
55281 /o " 5p2pl /2 1324k, 64 75#8.1&-85 T0
55281/2.- 5p2P3/2 13420.65 T449.155 90
6d2D5/2 - 7f2F7/é 13611.43 734k . 746 1
6a°p, ,, - 7f2Fs/2 13622.02 7339.033 1
hd2D3/2 - 5p2Pl/2 ~ 158L9.52 | 6307.595 60
hdeDs/e - Sp2P3/2 | 15980.21 6256.010 80
5f2F5/2 - 7d2D3/2 1598467 6254 . 261 1
SE°F, 5 = 7d2D5/2 15991.23 6251.698 1
ud2D3/2 - 5p2P3/2 16025.54 v6238.31h" | 10
5p2P3/2 - Sd2D3/2 19846. 86 5037.176 9
5p2P3/2 - Sd2D5/2 19866.93 5032.087 60
65°P3 5 - 18D, 19888.36 5026.665 2
62°P 1y = 76°D 19967.25 ' 5006.80k 1

5t°F - 787G 20004.97 4997.365 6

(continued)
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Table II (continued)
Level combination Wave number Wavelength Intensity
(em™) (A)

fngi/e - 5d2D3/2 20022.91 4992. 8686 50
6p2P3/2 - 85231/2. 20220.60 4okl .072 1
5p P3/2 - 63281/2 20910.86 h780f8§8 15
5p2P1/2 - 6s2sl/2 21086.90 - 4740.95k 10
7P, p = 54Dy 21507.93 4648.148 1
7p2P3/2 - 5d2D5/2 21536.0 4642.08 2

ut%F - 5g°G 23198.18 4309471 ko
5d2D5/2 - 6f2F7/é 23637.52 4229.371 6
5a°D5 , = 61°F, 1, 23657.61 4225.779 6
hd2D5/2 - hf2F7/2 24571.17 4068.661 100
ud2D3/2 - thFs/g 2L616.25 4061.209 80

5¢°F - 8g°G 24742.36 4040.510 6
ue%Fg ,, - 64D, 28718.63 3&81.06& 5
hf2F7/2 - 6d2D5/2 28729.19 3479.785 6

L%F - 6g2G 35303.k2 2831.754 10
4s%s, ,, - k0P 36564.98 2734048 230
hszsi/2 - hp233/2 37038. 85 2699.067 350
S PR 6d2D3/2 37309, 41 2679.1493 1
5p2P3/2 - 6d2D5/2 37320.10 2673.725' 8
5p2Pl/2 - 6d2D3/2 37485.47 2666;907 6
5p2P3/2 - 73231/2 37874.02 2639546 2
5p2pl/2 - 73281/2 38050.05 2627.33 1

(continued)

N
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Table II  (continued)
LeQel combination Wave number Wavelenéth | Intensity

' ' (em™h) (A) :
55281/2 6p2P3/2 40712.3 2&55452 1
W°F - 7% 42603.27 2347,238% 6

4a’Dy ), - 62°P 43232.16 2313.003% 6
hd2D5/2‘. 6p2P3/2 43272.25 2310.950% 7
4y, - 607P, 43317.58 2308.532% 5
Sp2P3/2 7d2D3/2 4T173.64 2119.828* 1
5p2P3/2 7d2D5/2‘ 47180.41 _2119.52h*v 5
ue%F - 855G 47340.62 2112.351% 1
5p2Pl. e | 7d2D3 /2 47349.89 2111.937% >
5p2P3/2_ 88251/2 §7512.51 2104.709% 2
'5p2Pi/2. 85281/2 | 47688.6 20969 * 1
upgp3/2 ha?n3/2} 49679. L2 ' 2012.906* 50
4p%p, - ¥a°D, 49724 TT 2011.070% 160
bpp, , - kaDy 50153.31 1993.886 90
hp2P3/2 55251/2  5228k.29 1912.620 60
kP, - 5578 52758.18 1895.14h1 - ko
7p°P - 4a®D  57382.7 1742.69 2h
hdgns/g 61‘21?7/2 5948169 _’1681.105 7
ud2D3/2 61“21?5/2 59530.03 11679.82k | 5
3d2D3/2 up2pl/2 62104.30 1610.1945 150
3d2D5/2 hpzp3/2 62380.55 1603.0637 180 -
3d2D3/2 hp2P3/2' 62578.16 1598.002 80"

- (continued)



-20-

LBL-1217

Table II  (continued)

Level combination Wave number Wévelenéth Intensity

(em™1) (A) '
nan, = TER 66911.73 1494.506 1
hd2D3/2 '7f2F5/2 66956.75 1493.502 1
hp2P3/é 5d2D3/2 8555178 1168.883 10
hp2P3/2 5d2D5/2 85571.92 1168.6077,v- 25,:
upepl/2 5d2D3/2 86025.72 1162.4431 20
hp2P3/2 63231/2 86615. 87 1154.523 20
hp2Pl/2 652Sl/é 1 87089.75 1148.21 15
us‘?sl/2 5p231/2 102567.8 97h.965 6
us?sl/g 5p2P3/2_ 102743.8 973.295 8
wop, , - 637D 103025.1 . 970.638 4
hszl/g 6d2D3/é 1 103488.3 £ 966.293 3
WP, ~7s2s1 /o 103578.81 965. 448k b
hp2P1/2 - 752Si/2 104052.7 . 961.052 >
3d2D5/2 5p2P3/2 128085.5 780.729 8
'3<12D3/2 Sp?Pl/2 128107.14 780.5966 6
us®s, /o 6P, /o 129950 4 769 .52k 1
1%, = 6P, 130035.9 769.019 1
36°Dg 1, : NeF 136676.45 | T3L6sk9 15
36%D, ,, - 4R, 136873.86 © 730.5997 10
360, ), - @°Py 155376.7 643,597 3
3d2D3/2 6p2Pl/é 155488.8 643,133 2
3d2D5/2 5f2F7/2 159274.60 627.8465 8

{continued)
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Table II  (continued)
Level cbﬁbination, Wave number Wavelength Intensity
. -1 . .
(em ™) (A)
2 , 2 - , .
3d°Dy 1y = 5T F5/2 159472.00 627.0593 T
2 2. ‘
36Dy, - 6f Fo /o 171589.99 582.?8¥6 3
2 2_
Qe - N 2
3d7Dy 5 6f Fs /o 171787.52 582.11k44
2 2 . ‘
3d°Dg )5 - Tf Fo /o 179016.6 558.605: 1
2. 2 - ' _
3d D3/2 - Tt FS/2 179213.2 557-9?5 1

b - Blends with an OII line.

h - Hazy.

¥ - Wavelength in vacuum as measured.
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Table III. Energy levels of Sc III.
Symbol Energy Interval Term Value n* ‘Ant
(cm_l) cmfl) (cm-l)
hsesl/2 25539, 32 174138.05 2.381491
53231/2 114862.48 84814 .89 3.412398
65251/2 149194 .03 50483.34 4423049
75281/2 166157.17 33520.20 s,h28033
85281/2 175795.73 23881.64 6.430781
9578, /» (181799) (17878)
hszl/e 62104.30 137573.07 . 2.679348 :
) - 473.88 | | 0.004626
_P3/2 62578.18 ‘ 137099.19 2.68397h
5p2P1/2 128107.12 , ~ T1570.25 3.7147h9
5 176.03 0.004577
P3/o 128283.15 7139%.22 3.719326 -
6p2Pl/2 155489.78 44187.59 %.727653
5 L 85.42 , _ 0.004576
P3/2 155575.20 L4i02.17 L.732229 :
7p2Pl/2 169637.96 30039.41  5.733899
5 41.9 0.00L58
P3/2 1 169685.9 29991.5 5.73848
8P, (177920) (21757)
o (29.6)
P3/2» (177950) (21728)
3@121)3/2 0.00 199677.37 2.223982
5 _ 197.64 0.001102
D5/2 197.64 , 199479.73 2.225084 :
hd2D3/2' 112257.62 87419.75  3.3611TL
5 ~ 45,33 - : , 0.000872
D 112302.95 8737k.L2 3.362046 -

®predicted levels.

(contd.)

. L,»
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Table III.  (continued)
Energy Interval . Term Value
Symbol -1 ’ -1 R n¥* An#*
(em ™) (em ™) fem )
5d2D3/2 148130.03 : © 51547.3L4 4.377162 o
> - 20.11 0.000854
D5/2 148150.14 : 51527.23 4.378016
6d2D3/2 . 165592.55 | 34084.82 5.382887
> o 10.7L : , 0.0008L48
D5/2 165603.29 3407k4.08 5.383735
7d2D3/2 175457.03 24220.34 6.385658
5 6.53 0.000860
DS/2 175L463.56 24213.81 6.386518
84°D (181579) (18098)
-, 3/2 _ (4.3) |
D5/2 (18158&) - (18094)
hf2F5/2 136873.87 } 62803.50 3.96555L
et .25 - ' 0.000008
F7/2 13687k4.12 62803.25 3.965562
5£°F 159472.2L  40205.13 h.956271
6£°F 171787.64 27889.73 5.950776
7f2F 17921&.70 | 20L462.67 6.947277
8£°F (184031) | ~ (15646)
552G 160072.18 : 39605.19 4.993668
65°C 17177 . 27499.96 5.992799
6% 179477.2k © 20200.13 6.992278
2 ' '

8g°G 184214 .61 ; : 15462.76 7.991941
9g2G (187462) o (1éé15) : |

—
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.. FIGURE CAPTIONS
Fig. 1. Schematic'of the elécfrical circuit used to. excite and separate the
spectra of Sc I, II, and III. To trigger the circuit either a rotating
spark gap or an ignitron was used.
Fig. 2. Voltage across and current through the light squrce.

Top: L = 68 yh; C = 2k uf, R = 2(L/C)l/2

(critically damped).
Excites mainly Sc III and spacer impurities.
Bottom: L = 860 ﬁh, C =2k uf, R = 14 Q (slightly overdampéd).
Excites mainly Sé I, and II, and only the strongesf lines of Sc IIT.
Fig. 3. Eﬁergy’level diagram for Sc III. The figures give the approximate
wavelength of the legding line iﬁ each multiplet. Thevdotted lines are

the next predicted levels.

Fig. L. Isoelectronic sequence for selected levels,
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L R
ﬂnmﬂf MHA
D.C. Slidingﬁ
power : Lo : spo_r'k
supply | Vo T C=24nf light L9
(~kva)| ' source
[ ¢ Xe ] g."'ihunt
=  Trigger '
(~20/sec)

Voltage 600 =V,
Inductance 15 < L
Resistance. 1 <R

Fig. 1.
spectra of Sc I, II, and III.

spark gap or an ignitron was used.

<
<
<

900 volts
HOO uh
iI50 Q

Schematic of the electrical circuit used to excite and separate the

To trigger the circuit either a rotating

XBL728-3757
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Voltage

Current

I

i(t) 200 amps/div.

v(t) 50 volts/div.

t 100 psec/div.

XBB 428-4122

Fig. 2. Voltage across and current through the light source.

Top: L = 68 ph, C = 24 uf, R = 2(L/c)l/2 (

critically damped).
Excites mainly Sc III and spacer impurities.

Bottom: L = 860 ph, C = 2k uf, R = 14 Q (slightly overdamped).

Excites mainly Sc I, and II, and only the strongest lines of Sc IIT.
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ns n nd f
200 P dak k)
i --9
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160 s 120
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o 4 =
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Fig. 3. Energy level diagram for Sc III. The figures give the approximate
wavelength of the leading line in each multiplet. The dotted lines are

the next predicted levels.

XBL728-3756
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o5 KI _Call | ScIll T . vy

| 1 | I I
Ve -0 I 2 3 4 5
L 3 ‘ . ZZC .

Fig. 4. TIsoelectronic sequence for selected levels.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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